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Abstract of JP1100B4 24 
PROBLEM TO BE SOLVED: To increase an 
MR ratio by providing a metallic reflection film 
that can easily generate reflected scattering, 
white maintaining the spin direction of an 
electron on the surface of a spin valve film. 
SOLUTION: A metallic reflection film 6 is 
added to the configuration of a basic spin 
valve film in a configuration of a soft magnetic 
film 3, a non- magnetic 4, and a hard magnetic 
property film 5. For example, Ag, Au. Bi, Sn, 
and Pb and the like should be used for the 
metal reflection film 6. and a level of several 
angstroms is measured on the surface for 
forming a smooth surface. Ag and Au are 
especially superior, and Ag is most effective. 
Therefore, a large number of conductive 
electrons are subjected to specular reflection 
on the surface of the metallic reflection film 6, 
and relatively spin information is maintained. In 
this manner, when electrons is subjected to 
the specular reflection on trie thin film surface, 
the same effect as one where a magnetic 
property layer/non- magnetic layer are 
laminated in a multiple layer can be obtained, 
' g an MR ratio. 
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A9 Ag(lnn)/Cu(lna)/Co(3n)i)/Cu(2.1nn)/Ni-Fe(3nn) 



mplti^s. ^ti^urcu^^T^msit 

9 £StfJ: 3 t UT &Jtl^J^t#ftA3(c*Vf ± 
■3 fcfc*»3iCHM t Jtfft LT fe MRifctfffiT I/O . 
[007 73 L*»L3»if*&. iai(b)£0«B)EK*tJ:^ 

[ o o 7 s 3 jy±. mmmmmmi vftizm®. 

T*»^C^^T*<fc*(, 01{c)HS^-J:^tc^S 

fln-2(£rf\ *l-2t«l-li:P«IIC. 119 
OMgO/Pt(10nii)/Cu(5nB) £#6l/C&S . 
[00793 



MUtCO) 



(9) 



WPTl 1-8424 



t . mwmnmmmifKmmmvmftM&xv * 1 - 1, 1-2 t^< fhr£ lt . a 1 - 3 1* 

[ 0 0 8 0 ] *fc , jaiJiWOTHMWI [0081] 

ai-3 

No. ttflfllft MUtCE) 
A10 Co(5nn)/Cu(2.1nm)/Ni-Fe(5nii) 4.0 
All Co(5nB)/Cu(2.1nm)/Ni-Fe(5rai)/Ag(3nn) 5.6 
A12 Cb(5nB)/Cu(2.1nm)/Ni-Fe(5nii)/Cu{1.2nii) 3.2 
A13 Co(5na)/Cu(2.1nm)/Ki-Fe(5ftn)/Cu{1.2nB)/Ag(3na) 7.1 

a i -3 j: ij , *»»watefi«seHAii,Ai3t4. H*fcKra*f&Ri/c»«u:. *«is*fra 

flWWO. A12J: 0 fcHUfaK*^ fcl±HltefrT*4. 1 -4 CiStf". 

[00823 *i-3*o»^i±, -mmmm^m^ [oos3i 

*l-4 

no. mm®, wifcco 

AM Ni-Fe(5ni0/Cu(2.1nji)/Co(5nii) 4.2 

A15 Ag{lna)/Ni-Fe{5nm)/Cu(2.1nii)/Co(5nii) 5.5 

A16 Cu(ljMi)/Ni-Fe(5niD)/Cu(2.1nii)/Co(5nB) 3.3 

A17 Agdj 1 B)/Cu(lnn)/Ni-Fe(5raD)/Cu(2.1niii)/Co(5im) 6.2 

a i - 4 ± ti , *mv>mmnmM5,kmi. &m y^m^mia . a 1 - s ktnmm&k . h 

[00 84] act, Tmmzmi-Kvxvyx/v^m toossj 
ai-5 

No. aP4«fi£ MRft«) 

A18 Co(3mn)/Cu(2.1no)/Ni-Fe(3nii)/0 J (2.1nii}/Co(3nm) 6.2 
A19 Ag(lnn.)/Co(3n ffi )/Cu(2.1rm)/Ni-Fe<3nii)/Cu(2. liuO /Cd C3n*> /A« (lm) 

8.3 

A20 Ag(lnni)/Cu(lna)/Co(3fui)/Cu(2.1nii)/Ni-Fe(3nii)/Cu(2.1mi)/CoDniii)/Cu 
(lm)/A*(i™) 10.1 

[00863 (9BfiH 2 ) JHRtSi (HI) #t&A£££ [0088] Agffiftftffcfc CuWSM&WglOn&ti^ 

fflv *T . H2 (b) t*f j; 5 &Ni-Fe/Cu/Co«X tr^W &affi£#& . 

*»«fciBrc. &IB0i«RftV£K£Lfctt* ^ [0 0 89] ^J^fcUTfWLfcxe^^^lfc) 

tt. 3WKH1 (=flW**JeTff-o3t. T. ^2-C^Sffl)«Si/Ag(7 n m)/Cti{5n»)(iftiiTS> 0# 

[0087] 4-raaHtht. AWOtlltUTAglfc 
7»Xt^df ^/Wfi***Gft, tW«rC"C> 20#I3£ [0090] 
«2 

No. HUfcCO 

Bl Ni-Fe(2nn)/Cu(3nin)/Co{2niii) 3.4 

B2 Ni-Fe(2nai)/Cu(3nm)/Cb{2nm)/Ag(5ni) 5.2 

B3 Ni-Fe(2nm)/Cu(3no)/Co(2niii)/Cu{0.5niO/Ag{5nH} 6.1 

B4 Ni-Fe(2nni)/Cu(3nii)/Co(2nji)/Cu(0.5nii)/Au(5nii) 5.8 



(10) 
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(t4fc, J:"5HUfc#**<«r4. JSfiS^CoJS t 
No. 



10091} (&RH3) 6jcm?-yyh£fflVtf:R 
«B*iaWlt*T*ti*U;. H4 OOoftKHttKoflt 

*6. ) 



MRita) 

CI m,.,0B| ll Fe ( . l (5i«)/Di(airt/CB(airt/Ir,. 1 lli||, 1 (am) 4.0 
C2 CudwiJ/Nio. 8 Co». ,F*. , (5mi)/Cu(2r.ii)/Co(2na)/Ir( ) . 2 Mn 0 . B (8nm> 

3.3 

G Ag(lm)/Ni 0 . 9 Co,. jFe,,. t (5nB)/Cu(2nm)/Co(2nn)/Ir 0 . 2 Mn D . B £8m») 

5.2 

C4 Ag{lnn)/Cu{lnDi)/Ni () . 8 Co 0 . 1 Fe ( ,. 1 {5nii)/Cu(2nii)/Co(2niii)/Ir () . 2 Mn Di8 (8 

nm) 6.1 
C5 Au(lnra)/Cu(lnBi)/Ni 0 . a Co 0 . 1 Fe a .j(5nB)/Cu(2n ! ii)/Co{2nB)/Ir 0 . 2 Mn { , 8 (8 

nm) 5.8 
C6 Bi (1mO/Di(1«)/H1 0 . 8 Co,. fa , (5nm)/C U (2nm)/Co(2ni D )/rr s . 2 Mn 0 . 8 (8 

nil) 5.1 
C7 SndmJ/CudniiJ/Nij.gCoj. [Fe,. j (5nnt) /Qi (2mi) /Co (2nm) /I r n . 2 tfn 0 .8<8 
mi) 4.8 

(5nin>/Cu(2mi)/Co(2niD)/Ir ( . 2 Mn 5 , s (8 



C8 Pbana)/Cu(lnn)/Ni 0 , „ Co, , , Fe„ 
nil) 

tfi 0 ±£3rMRJt t **** . AHKttRott 
[0092] »Cfc*8S»3Kfi<3, C4tS£*M^)Smci 

0. ±«£^-^Pl 5«fi»Ct4Ni,. 8 Fvi^Atffl 
14tttAliQjtfflk«:. *fc'WM7*»l 2C 

*4-l 

No. Kflflft 



5.2 

[00 93 3 £Ofc«><WHSi:LT, ttttKfclMW* 

el wmnx*m>& * m u: . 

*%B8«MR^7 H<0l«ro.«^Att«*»MR* 

^<oKfia t»«^7F tit^r ^ii^ns^ox . 602 

[0094] mtm4) 67E«?-^N£ffl^£R 

±c. mmitmu<vmx\ mib)<nmamsk 
mmm?*miti. mm 1 tmmmxMR 
jtsm^fc. *o***a4 - 1 est. 

mutes} 



NiD(50nii)/Ni 0 . 3 Co„. 6 Peo. , (5nm)/Cu{2nin)/Ni ( ,, 3 Co 0 , 6 Fe 0 , , (5na) 

4.0 

NiO(50nH)/Ni 0 . 3 Co„. gFe,,, , {5im)/Cu(2nm)/Ni () . 3 Co„. 6 Fe 0 , , (5nn)/As(3n 
n) 5.5 
NiG(50nn)/Ni 0i 3 Co 0 . 6 Fe c . i (5nn)/Cu(2nni)/Ni 0r 3 Co 0 . 5 Fe 0 . t (5na)/Cu(ln 
1) 3.3 
Ni0(50nm>/Ni 0 , 3 Co 0 . 6 Fe 0 . 1 (5na)/Cu(2mi)/Ni fli 3Co ( ,. 5 Fej. 1 (5im)/Cii<ln 
a)/Ag(3nn) 6.3 



(11) 
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[0096] 



se 4 - 1 ti± , mmmm , D3«x e y/wTrntut 
*#t «rtmttijrri t ***** . 

[ 0 0 9 5 ] £Sfi^ff«Ht:A|(Kttiifrft(t 

No. KflffiK WJfcO) 
D5 Ni 1 . e Fe 0 . 2 (5nm)/Cu(2.5nii)/CoC2mi)/Ir 5 , 2 lfa c . 8 {8nn> 3.3 
D6 Ni,. a Fe 0 . , (5nm)/Cu(2.5nB)/Co(2nn)/Ir>. 2 Mn 0 . 8 (8nm)/Ag(lnn) 



4.0 



07 



D8 



Ni„, 8 Fe 0 . t (5nm)/Cu(2.5nm)/Co(2nn)/Ir D . 2 *fo c . 8 (8nn)/Cu(lnn) 

2.4 

Hi,, 8 Fe 0 . ? (5nn)/Cu(2.5jm)/Co(2ni.)/Ir 0 . 2 l4i 0 . 8 <8n4/Oi(lni)/Ag(lim> 

4.8 

[0098] ;wfcft«*ffit i-c KttK£d«*-& 

$^200e^lfi^JI^SrEqtPLTM^-/ HWHtflfcJW 
LtztZ*. *R^MR^?K<3«fln2,M»ffia 

[0099] (%HM5) STD^-^'yt^ffl^fcR 



SJ4-2 "Cil, «!*PJ(7)»5,D7«Xtf^^yMtJt 

[0097] «t«efc«Oi«HM* J:tf3H6W««atH 
^SmH2,D4^£MR*^2 0tLTffl^T, 06 

AfcMn. T»^m771 l»4«M«tC*4Hi 

7 1 4 t^AlaOg 4fcA- F/^ TXg)5 1 2 

fcHKfrfteAfcflft >. 'J - Fill 3 1 AutHflSUc. 

3*5 



no. mm mitix) 

El NiO(50mi)/Ni 0 . 8 Fe Q . 2 (5mi)/Cu{2mi)/Nio.8Fe 0 . j(5nn)/Cu(2nn)/Ni 0 , a Fe 

0 . 2 (5nm)/Ir 0 .jtti ( . s (8nii) 6 
E2 Ni 0(50nn) /Ni , . 8 Fe D . 2 {5ra)/Ca(2nii) /Ni 0 . 8 Fe 0 . 2 (5nn) /Cu (2m) /N i „ . B Fe 

,. t {5n)/Ir,. 1 lta t .,ffim)/Ag0nri 8.3 
E3 NiO(50nn)/Ni 0 . 8 Fe 0 . , (5ra)/Cu(2nn)/Ni 0 , 8 Fe 0 , , (5nn)/Cu(2na)/Ni 0 . 8 Fe 

0 . 2 (5nm)/Ir 0 . jtti 0 . 8 (8nn)/Cu{liM) 4.4 
E4 NiO(50nn) /Ni 0 . 8 Fe„ . , (5nn)/Cu(2nii)/Ni , . „ Fe 0 . t (5nn) /Cu (2nn) /Ni , . , Fe 

0 2 (5nn)/Ir 0 8 <8nn)/CuUn*)/A8<3nii) 9.9 

[oion d^fc^m^t lt. BttRftSttf £ 

*»!B<0M R\ y F £?)smE2, EiWflfcfJ tit&feiOM R* 
[0102] UWIW6) 6jctf>*-y»F*fflV*R 



^J: 9 «tWJfcfc**-£ t ***** . 
[0100] $e£*noBm& JitttftttOJIMn 

tr^J^&MR^FMili:. *tt«WLfc. 

-*F 1 0, ii^-^Fl SWWfffcfclWuFe,.,* 

0$(50n«)£Smi!#t*JEi:U _fc*i'-*K* r ir v 
714CttAl t Gb*J8"£, 4^-^7X1512 



(12) 
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jg6 



no. mms, mtfcO) 

Fl Ir Q . , (8™)/^.^. , (5™)/Cu<2™)/Ni 0 . e Fe 0 . , (5nn)/Cu(2nn)/N 

i 0 , 8 Fe 0 . 2 (5miO/lr 0 . 2 Mn,). 8 (8nB) 4.5 
F2 Ag(3ni)/Ir,. ! Mn„. g (8iiM)/Ni ( . 8 Fe ( ,. 1 {5Mi)/Cu(2nai)/Ni 0 . 8 Fe 0 . i(5iii)/C 

u(2nm)/Ni 0 . 8 Fe 0 . t (5nm)/Ir 0 . 2 Hn 0 . 8 (8nn)/Ag<3nm) 5. 5 

F3 Cu(lnm)/Ir 0 . 8 (8m)/Ni 0>8 Fe ( . j(5nm)/Cu(2nm)/Ni c . 8 Fe c . 2 (5ni)/C 

ut^nO/Nio.gFe,,, 2 (5nm)/Ir (l , 2 Mng i8 (8na)/Cu(lnm) 3,9 
F4 Ag (3nm)/QiUnii)/Ir D . 2 Mn 0 . 8 (8nm)/Ni 0 . 8 Fe„. , (5nm)/Cu(2nm)/Ni 0 . 8 Fe 0 . 

2 (5w)/Cu(2iM)/Hi 0 . 8 Fe t . 2 (5nn)/Ir 0 . 2 Mn c . 8 (8nE)/Cu(lniii)/A«(3na) 

7.1 



[0103] 6j£<7)?-<y-,hm^zn 

*7 



jsfie»BaiPF*fflRi,)t. mm 1 tRttoasmiR 



Gl 



Fe 2 0 8 (50nn)/Co(5nn)/Cu(2.2nii)/Ni ( 



gCoj.gFej.^Snn) 



Fe,0 3 {50nav'Co(5iii)/Cu(2.2nii)/Ni 0 . 3 C<) () . 6 Fej, , (5nn) /As (2nm) 

5.4 

Fe 2 03 (50nm)/Cb(5nn)/Cu{2.2nii)/Ni 0 . 3 Co 0 . 6 Fe 0 . j (5nm)/Cu(lnn) 

3.1 

Fej03 (50nn)/Co(5nra)/Cu(2.2no)/Ni 0 . 3 Co 8 . 6 Fe 0 . i (5nm)/Cu(lnn)/flg(2nii 



) 



6.2 



G5 Fe 2 tt, (5ftra)/Co(5nia)/Cu(2.2Mi)/Ni ( ,. jCoj. 6 Fe 0 , ! (2nm)/Cu(lnai)/Ni 0 . 3 C 
Oo . s Fe 0 . , (2nm) /Cu (Inn) /Ag(2nm) 6 . 0 

[01051 ;<0fc»««SS£i; LT. ttttRfcAirft 

Lfci-I^ *SKH60|^mG2,G4KflRSMR^-/HO 
[0106] (j0fcM8> 65ctf)*-y*bfcfflV>fcR 
HltPW«3fifSt^MRitiiWLft. *WISR*|18 



[0104] &i;:$^Of£mfc ±tf 
<0|^.64«JK*MR**«2 0i:l/Cffl^T, 

->H< 1 0 . ±Mif-A' K 1 5«HfitUJK e . B Fe 0 . ,6 

14fc(iAlifcfcffll*fc. i^WT^l 2fc 

ft8 
No. 



KitCO 



(13) 
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HI FejOg (5Qnra)/Ni Ci 8 Fe 0 . 



; (4M)/Cu(2ra)/Ni 0 .6Feo 



(6nn)/Qj(2nm)/Ni 0i8 



Pe ( . r (5ni)/Iro -1 lho.,(fta) 5.5 
Fe 2 0 3 {50nm)/Ni 0 . 8 Fe 0 . j (4rai)/Cu(2iiii}/Ni 0 . 8 Fe 0 . 2 (6ob>/Cu (2nm)/Ni 0 , 8 
Pej.^S^/Iri.zMno.stSniO/AgfSni.) 7.5 
Fe 2 0 3 {5Onm)/Ni 0i 8 Fe 0 . , {4ra)/Cu{2rai)/Ni 0 . gFej, 2 (6nn)/Ou(2nni)/Ni 0 . 8 
Fe 0 . 2 (5im)/Ir(,. 2 Mtv,. 8 (8iM)/Cuanin) 4.1 
Fe 2 0 3 (5Qnm)/Ni 0 . 3 Fe,,. j (4nm)/Cii(2n]D)/Ni c . gFe^. 2 (6na>/Cu(2nia)/Ni c . a 
Fe 0 , 2 (5n*)/Ir fl . jHn,,. 8 (8nm)/Cu(lraD)/Afi{3iiii) 9. 0 

Fe,Oj (5Onm)/Ni 0 . ,Rs,. , (4nm)/Cu(2nm)/Ni 0 . 8 Fe c . : (1. 5nsi)/Cu(0.8nm)/N 
i ti B Fe t , 2 (1.5mi)/Qi(0.aM)^Ii ( .8Fej. 2 (1.5nn)/Cu(2raii)/Ni 0i sFej,. 2 (5 
mi)/Ir ti jttij. 8 (8m»)/Cu(lnm)/Ag(2nnt) 9.2 

#fl»S»*l*lt**t44J:3t:. £&tt&fkltJ: ") 

[0109] CKOfctfXflSSi: LT . 

*U«^M R*?«SWWl£ffl l Vte^y Y ICitKX * 
[0 110] <^J6^J9) ^7r-fr(ll-20)«Ktffl 
BKLfc. -e^tm&ffl^ltSISitllW^L, RHEE 

u, Ni-Fe, Cu, AgRfcfHSLT, IBM 1 2: Rtt£>£& 
[0111] 



LT\ &RKWi!tfflV'fc*ll»^«ll««8ieWJ2,fl4, 

[0107] xtmmtffimstvimmm 

fflgfc tTt±Al 2 D3-TiC«S£fflVK T^Px 
-JH« 1 0, ±&>>-}UY 1 SWtWWlfciNinFe,.,* 

»ri 4tttAi 1 q 9 tfflnft. ifc^-HA-f 

2fciiCo-Pt££Sffl^ y-h*»13*Mi-ClWtU 

[0108] 

No. 



II 



Fe 2 0 3 (100iM)/Co(3mi)/Cu(2nB)/Ni ( ,. 8 Fe c . , (5nn) 



17 



Fe 2 03 <100m)/Co(3nii)/Cu(2ra)/Ni 0 . 8 Fe 8 . 2 (5n^/Ag(3ra) 
Fe 2 % (l<Xtoa)/Co(3ra)/Cu(2nM)/M c . 8 Fe 0 . 2 (5mi)/Cu(ln») 



14 Fe 2 0 3 (100im)/Co(3rai)/Cu(2nM)/Ni 0 . s Fe 0 



3.4 

2 (5nn)/Cu(lnii)/Ag(3ni) 

9.2 



Fe 2 03 (100ni)/Co(3nii)/Cu(2n«)/Ni (1 . 8 Fe 0 . , (5nii>/Co(0.6[iii)/Cii(lnai)/Ag 
Onm) 11.1 
FejUj (100na)/Co(3nn)/C U .(2tm)/Co(0.6niii)/Ni ( ,. 8 Fe c . 2 (5nn)/Co(0.6nii)/ 
Cu(lna)/Ag(3nia) 12.1 
Fe 2 0, (100nn)/Co(3nn)/Cu(2tm)/Ni 0 . 8 Fe 0 . 2 (5na}/Co(0.6mi)/Cu(lnii) 



3.3 

1 1 J: 9 JEfcHUbW** < £ i: {i^SfeM«^tl5, 1 

mwM^zimix^b^mjtizmw^ z 



C14) 
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[oii2] tti. mmcntmis.iex-mmm 

10113] (S»M10>SdtW9tH«t:fC.rf 



x/iy^stjaor. ^77>frm-20)Sflii±{=50im 

THtifX>t»*i£m Cu, Ni-Fe, Cu, Ag,lr-Mn$j 

zmix. mmi mm^mxmm^mmi 

[0114] 



&10 








No. 


umm 




MRifcO 


Jl 


FejOg (50nm)/Co(4nB)/Cu(2ini)/Ni 0 . 




(6m)/Qi(ai*/Q>(5ra)/Irj. 




Mn C-8 (8nDi) 




5.8 


J2 


Fe 2 03 (50niO/Co<4nm)/Cu<2im)/Ni 0 . 




<6nm)/Cu(2nm)/Ga(5iM)/Ir 0 . 




Hn 0 . 8 (8tin)/Ag(3oiii) 




8.2 


J3 


FejOj (50nD)/Co(4nra)/Cu(2nra)/Ni(). 


8 Fe 0 . , <6nn)/Cu<2nn)/Co<5nm)/Ir 0 . 




Mn 0 . 8 (8m0/Cu<1.5nni> 




4.9 


J4 


Fe 2 0 3 (50nm)/Co(4n B )/Ca{2nm)/Ni 0 . 8 Fe D . 


(6nm)/Cu(2nm)/Co(5nm)/Ir 0 . 




Mn 0 . 8 (3nii)/Cu<1.5nii)/Ag(3ni») 




10.3 



[0115] 

ft. «*NvPi:LTfflvifc«*, ± =5:S£ifefJ 

mi ] ^nffi^Bt^^a^^^^irHc?) 
mmx'hi. 

[H4 ] *^4«0»(c^l,fficoia^ffiSiS!Fm^«Bf 
[05 ] ^BfSO^tiffi^flfci«ffi«aFm^oBf 



[H6] *m<v&miz®t®&&mi)m.im^v k 
i »g 

2 



3 

6 ^m.mm 

7 mm 

8 flH£JK 

10 T»!s->VY 

ii 

12 A-KAMTXg( 

13 u-H* 

14 ±*i^n«if**r 

15 ±»i^-*F 
2 0 MR#TSE 



[03] 



[05] 







— s 












- ♦ 


^^^^^^ 


— -6 
2 




. .1 
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